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A

typical antipsychotics (AAPs) are widely prescribed agents for treatment of schizophrenia
and other related psychiatric disorders. Although
AAPs were a major development in psychopharmacology, so-called second-generation agents such
as olanzapine have exhibited unexpected and unfavorable
metabolic side effects. These side effects include weight
gain, glucose intolerance, and insulin resistance, all of
which increase the likelihood of developing diabetes and
cardiovascular disease (1). Nonetheless, how these adverse
metabolic effects arise following AAP treatment remains
unclear. A key question is whether AAP-associated metabolic impairments are because of the psychiatric illness
itself or if they are merely secondary to weight gain.
In this issue, Teff et al. (2) examine the direct effects
of second-generation AAPs on insulin resistance and postprandial gut hormone proﬁles following a mixed meal. The
antipsychotic drugs used in these experiments—olanzapine
and aripiprazole—were administered to healthy volunteers
for 9 consecutive days to exclude potential confounding
issues associated with psychiatric disease or potential
weight gain. In the clinic, olanzapine therapy tends to result
in weight gain and metabolic dysregulation (3), whereas
aripiprazole is considered metabolically neutral (4). Thus,
Teff et al. logically hypothesized that detrimental effects
on meal-related metabolism would be limited to olanzapine.
Consistent with this hypothesis, the authors showed that
aripiprazole had no effect on body weight, blood pressure,
and circulating levels of key blood parameters over the
9-day treatment period. Aripiprazole also did not result
in signiﬁcant changes in postprandial metabolism following a mixed meal. In contrast, olanzapine increased
fasting plasma insulin by day 9. This corresponded with
postprandial hyperinsulinemia, suggesting that olanzapine
had detrimental effects on insulin sensitivity. Indeed,
hyperinsulinemic-euglycemic clamps supported this theory.
However, aripiprazole also induced insulin resistance despite it generally being considered lacking in metabolic
effects.
A unique aspect to the study by Teff et al. (2) was participant ingestion of a mixed meal that elicited both incretin
responses (5) and neurally mediated insulin release (6),

both of which could be critical for the metabolic effects of
centrally acting drugs. Surprisingly, olanzapine administration increased postprandial glucagon-like peptide-1 (GLP-1)
secretion and circulating glucagon levels. These responses
were unexpected for two reasons. First, GLP-1 is believed
to improve insulin sensitivity and reduce weight gain. Second, it directly inhibits glucagon release (7). The authors
speculate that other unknown factors, such as glucosedependent insulinotropic polypeptide (GIP) secretion
or cholinergic vagally mediated actions, may mediate
the altered postprandial metabolic proﬁle following
olanzapine administration. In this regard, it has recently
been shown that biologic action of GIP can be potentiated
by xenin-25, a peptide cosecreted with GIP from intestinal
K cells, which is thought to indirectly activate muscarinic
receptors (8). Olanzapine is a well-characterized muscarinic
receptor antagonist (9). Thus, interactions between GIP
and other vagal inputs could be of importance for the
postprandial metabolic effects of AAPs (Fig. 1).
The new data are interesting but need to be corroborated in studies with larger sample sizes to increase power
and also to be veriﬁed in psychiatric patients. A previous
study has shown no effect of olanzapine on gut hormone
secretion (10). The direct effect of AAPs on GIP secretion
and action certainly needs to be considered. Although weight
gain did not affect data interpretation, Teff et al. (2) clearly
acknowledge that adiposity could be a confounding factor.
In addition, the nutrient composition of the mixed meal
could have important implications on GIP and GLP-1 secretion. Both incretin hormones are strongly released in
response to carbohydrates, but GIP is released much more
powerfully than GLP-1 in response to fat (11).
Taken together, the data illustrate that olanzapine can
induce insulin resistance and postprandial hormonal dysregulation independently of weight gain. Although the regulatory mechanisms involved remain to be fully elucidated,
the well-characterized weight gain following prolonged
olanzapine administration would likely exacerbate these
effects. Thus, interventions to inhibit weight gain in patients
receiving AAP therapy may only be partially effective in
preventing metabolic disease. The report by Teff et al. (2)
should stimulate continued efforts aimed at resolving the
direct detrimental metabolic effects of AAPs that may
ultimately lead to improved treatment options for these
patients.

N. IRWIN AND V.A. GAULT

2. Teff KL, Rickels MR, Grudziak J, et al. Antipsychotic-induced insulin resistance and postprandial hormonal dysregulation independent of weight
gain or psychiatric disease. Diabetes 2013;62:3232–3240
3. Haupt DW, Fahnestock PA, Flavin KA, et al. Adiposity and insulin sensitivity derived from intravenous glucose tolerance tests in antipsychotictreated patients. Neuropsychopharmacology 2007;32:2561–2569
4. Nielsen J, Skadhede S, Correll CU. Antipsychotics associated with the
development of type 2 diabetes in antipsychotic-naïve schizophrenia patients. Neuropsychopharmacology 2010;35:1997–2004
5. Green BD, Flatt PR. Incretin hormone mimetics and analogues in diabetes
therapeutics. Best Pract Res Clin Endocrinol Metab 2007;21:497–516
6. Teff KL, Engelman K. Oral sensory stimulation improves glucose tolerance
in humans: effects on insulin, C-peptide, and glucagon. Am J Physiol 1996;
270:R1371–R1379

diabetes.diabetesjournals.org

7. Lovshin JA, Drucker DJ. Incretin-based therapies for type 2 diabetes
mellitus. Nat Rev Endocrinol 2009;5:262–269
8. Wice BM, Wang S, Crimmins DL, et al. Xenin-25 potentiates glucosedependent insulinotropic polypeptide action via a novel cholinergic relay
mechanism. J Biol Chem 2010;285:19842–19853
9. Nasrallah HA. Atypical antipsychotic-induced metabolic side effects: insights from receptor-binding proﬁles. Mol Psychiatry 2008;13:27–35
10. Vidarsdottir S, Roelfsema F, Streeﬂand T, Holst JJ, Rehfeld JF, Pijl H.
Short-term treatment with olanzapine does not modulate gut hormone
secretion: olanzapine disintegrating versus standard tablets. Eur J Endocrinol 2010;162:75–83
11. Irwin N, Flatt PR. Evidence for beneﬁcial effects of compromised gastric
inhibitory polypeptide action in obesity-related diabetes and possible
therapeutic implications. Diabetologia 2009;52:1724–1731

DIABETES, VOL. 62, SEPTEMBER 2013

3023

Downloaded from http://diabetesjournals.org/diabetes/article-pdf/62/9/3022/570828/3022.pdf by guest on 03 July 2022

FIG. 1. Direct effects of AAPs on insulin resistance independent of weight gain. Teff et al. (2) report that olanzapine induces insulin resistance
concomitant with postprandial hormonal dysregulation in healthy humans.

